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^ • Introduction 

This report presents the progress to date of project ?9500 
which was designed through the use of Landset-B imagery bo 
monitor the extent and occurrence of fire in South Africa, 
paying parbiculcr reference to its ecological role und role in 
veld management. The report should be taken to include previous 
quE.rterly reports, \vhich because of various technical and personnel 
problems were not submitted for reasons later explained. 

The progress and results given include mainly the technical 
aspects of fire distribution and occurrence as found from analysis 
of all imagery so far received. While certain ecological 
conclusions and inferences will bo made, these are essentially 
preliraina.ry and incomplete pending further basic correlative 
work. Some of the actual data given also renuire some checking, 
though they may be generally considered within expected tolerance 
levels. 

In terms of the original objectives of the project, this 
report therefore concentrates upon the location, area of burned 
vegetation and time of burning, with preliminary indications of 
the relation of burning to snocific veld types in certain areas. 

2 , Techninues • 

The intei'pretation and cartographic techniques used to date 
are the most simple and unsophisticated ones capable of being 
applied by personnel with little academic training under supervision. 
It is hoped to investigate other techniq.ues also. 

Using 70mm KS3 imagery from bands 5 and 7, the basic approach 
has been to identify the burnt area.s on the satellite imagery 
and then to transfer the outlines of the burned areas onto a 
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suitable base mnp. Once the burned aroan hrve been plotted onto 
a map certain fei. turns, relationships, correlations rnd 
inforenoco cm be made. Basic burn information includes, amonp:st 
others, 

(i) The area of burned vegetation, burn size classes, and 
density of burns; 

(ii) The area of vegetation burned at particular times of 
the year, that la, the monthly md seasonr.1 development 
of fire patterns; 

(iii) Oeocraphical regions of high and lov; intensities of 
burning; 

{iv) The relationship of burning to the national Veld Types- 
vegetation map. 

Identification of burnt areas has been done by direct 
visual interpretation of the 70mm imagery, using as a constant 
check the visual appearance on an International Imaging Systems 
Mini-Addcol Additive Colour Viewer Model 6020. Unfortunately, 
late receipt of imagery has prevented some direct ground chocking 
where it would have been desirable. 

The chief problems encountered in interpreting burns wore 

in areas where black And very dark coloured soils, especially 

< 

when freshly ploughed, are found. Interpretation is particularly 
difficult in intensively cultivated areas where there is a 
mosaic of relatively small areas of cultivation and burn patches 
in the intervening areas. Fortunately, from a practical 
view'point, the problem is not too serious in that such areas 
are of less interest from a range management view. Also, 
less significance is generally attached bo the occurrence of 
smell burns- because of the lower reliability of interpretation 
and estimation. It is also interesting bo note that this 
problem did not arise in the original tost study done on the 
ERTS-1 imagery for Fatal whore such soils are of limited extent 
(see F'l.L. Jarman, Preliminary assessment of veld burning patterns 
in Natal from EhTS-1 imagery. Type III Report for Period July 

r 

1972 to November 1973. in O.G. Malan, Special Rept Fis 50.) 

The outlines of burned areas have been transferred directly 
from the 70ram, usually band 7 KSS images, onto overlays of the 
standard 1:250 000 SA Topo Series maps, or when not available, 
the standard 1:250 000 SA Topocadastral Series maps wdiich 


pro slightly Ipog pccurpte. A Bausch S: Lor.ib l-.odol 7T-4 
7,oom Trc nsfor Scope tlir t han bopn uaed ur thin purpoae han 
QFvecl conoiderablo time rnd coat in not requiring onlargomt.nt 
of tho 7Uinm irargery. A minor modification frcilitrting the 
transfer work his been achiovod through fitting an easily 
removable microscope sub-stage so that systematic scanning in 
X end Y directions is possible. Tho negative 70mrn imago has 
often been found more convonient to use because tho gonorally 
lighter grey toned band 7 infra red imago is easier to orient 
on tho map than tho darker toned positive. Diazochrome false 
colour composites have not been used in practice although they 
will have value in certain areas of difficult orientation that 
may be found in tho future. 

The areas of each individual burn have been measured from 
the 1:250 000 overlays, using either a dot grid or planimoter. 

To determine the relationf;hip of the burned areas to veld 
type, the national 1:1 500 000 Void Types of South Africa by 
Acocks has been enlarged to 1:250 '000 scale, thereby allowing 
direct comparison of the 1:250 000 burn overlays with veld 
typo. Although enlargement of the small scale 1:1 500 000 
veld types map to the larger scale is nob a desirable practice, 
the original map is a remarkably accurately drawn one and no 
satisfactory sltornatives exist. Obvious errors can be fairly 
easily corrected. The area of each veld type is determined 
for each image by dot grid or plrnimeter. Since burns often 
cross veld type boundaries, tho areas burned for each veld 
type must be separately determined. 

Accomplishments 

Sixty-five Landsat-B images have been analysed for fire 
occurrence in the eastern summer rainfall part of South Africa 
and fire occurrence plotted on 1:250 000 overlays, V/hile somewha.t 
time-consuming and tedious, the unsophisticated and simple 
technir-ues used are yielding expected results in ascertaining 
fire patterns on br, j broad scale only possible by the use of 
repetitive satellite imegery. 

Preliminary results with the available imager/ show the 
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highoGt infconci bioG of rmrninc in tho cnvrmnp bypc? vpf^etabion 
end adjoinini^ firaosXanda of the oat3bRi'n, oou thorn and v-oaborn 
Tranovcfil. A locrl area of high burninfj intemoiby hrn alao 
been found in bho coaot rnd soini-coast vcficbebion of bho Trennkoi . 

Burnin/; intensity is very low or absent for the dry Karoo 
and adjoining: Karoo-;^rasslf.nd transitions, despite bho favourable 
season precodinf that resulted in an oxcoptionally hi{?her than 
normal fjross cover. The possibility of unusuf 1 wido.sproad burns 
v;as thus not realised for those re/jions. 

A significant preliminary finding is that when expressed 
on tho basis of mean daily increase in burnt area, values for 
different scenes range through the dry season from a mean daily 
increase in burnt area of P52,6 ha/day to a mean of 2062,5 ha/day, 
with an overall average moan daily increase of 61J»,5 ha/dry 

for 12 scenes over a five month period. 

Preliminary date show that very large burns account for 
veld types with the highest amount of burning, from 10?' to 19?" 
of the image area of those veld typos having been burnt by the 
end of the dry season. Less than 1?.' of the area of other 
vegetation types rnf y show evidence of burning, and the expected 
large variation in burning between vegetation types is so fpr 
confirmed. 

A high number of burns has been found on certain scenes 
to be associated with the peripheral areas of a me.jor urban 
complex. This msy be interpreted as a high fire risk associated 
v/ith a high population density. 

4 • Significant results 

Basic data on burned areas for 54 scenes comprising all 
65 images received are given in Table 1, while Tables 2 and 5 
summarize fire pattern development from consecutive 18-day 
and monthly images. The distributions of the 54 scenes and 
scenes with consecutive imagery are shown in Figs 1 and 2. 

Data for burning in relation to veld types is given in Tables 
4 and 5 for nine images of four scenes in the Transvaal province. 

3-) Geogranhi c variation in intensity of fire- pa t tern 

The available imagery shov.s the highest amount of burned 


arof? to bo in the v^eotcrn, noubhcrn end cos born Trencveal end 
in one scono of the I'l’ennkci corst re^^ion. The porcontefic of 
burned area per imegc in ell Instoncos exceeds l,4f^, reaching 
a ximum of 8, 24?', C'^uivalenb to 121 758 ha out of 1 476 540 hr 
of one image in the eastern Transvaal lowvold. Within this 
generrl area, iiiu gc?s from Pretoria vestvards end northwards 
bo tho Botsv.ene border show a conointcntly high degreo of 
burning ranging from 2,4?- to 4,05?- of the image areas. 

Unfortunately imagery of the four north central Trrnsvaal scenes 
is all for the early part of the fire season or during wet 
midsummer. It is thus nob possible from the avriltblo imagery 
to UBcertain v.hothor the north and central Transvaal has the 
seme or a different fire intensity pattern as tho surrounding 
high intensity area, though there is a suggestion from the 
seasonal fire development pattern that the area may have, a similar 
high degree of burning. 

Eight scenes almost entirely in the dry Karoo and marginal 
Karoo-grassland transition in the central and south central 
part of South Africa show no evidence of fire during tho dry 
season up to the end of October. Three scenes for which images 
ere only available for the wet season are excluded from consideration 
here. 

b) S easonal fire devel o pment pattern 

As clearly shown in Tables 1, 2 and 3 in all scenes 
showing burning for which repeoted imagery is available, there 
is a consistent increase in the amount of burnt arcs on the 
images from July through to the end of October, one scene 
showing a maximum for November and one scene a small decline 
from 30 July to 22 September. From October onwards tliere is 
3 decrease in burned area so that during December there is 
none or bery little burning evidrnt. 

t 

Expressed on the basis of mean daily increase in burnt 
area, values range from a mean 252,6 ha/day to a mean 

2062.5 ha per day, with an average mean daily increase of 

613.5 ha/day for the 12 scenes showing an increase in burned 
area during the dry season. A number of the highest rates of 
mean daily increase correspond with the high fire intensity 
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rrca of the Trrnavjrl, hut rfifin:^ ff 11 oubsiclc thio nrta. It 
iB evident tht t 6ome ime^sos, nuch £ 0 for oconc lBP-82 of the 
oueensbovji rron, ohov. e high mean drily inoreror duo bo 
aocidentel firoo during July, v, here an in tho Trfnnvaol high 
fire intonaiby rrca a hig'h mc>an dril^ burn increooG could ho 
expected throughout the fire nceson. 

In genorol, the seasonal fire development pattern is tho 
one expected, but for the first time an indiertion is gained 
of the mean daily increase in burnt area bhroiigh the dry fire 
period over a v.idc area. Spatial and chronological gaps in 
the imagery make a precise general interpres tion difficult 
et this stfge of the investigation. 

Fire patterns in veld tyres 

Four scones comprising nine images shov; burning according 
to the twelve veld types represented on the imagery. Considerable 
varirtion is evident in the burning between different veld typos, 
between lOJ'^ and 19f' of the Mixed, Sourish-mixed and Sour 
Bushveld t,, pes (veld types 18, 19 and 20) is burnt, but in other 
veld types the percentage burnt area may be less than If^. 

Table 3 shows the expected incressa in the number of burns 
shown on the imagery towards the end of the dry fire season. 

Small burns of less than 500 ha are prevalent in the veld types, 
but if Table 4 is compared, a few large burns account for tho 
large area burned in veld types 18, 19 and 20 with the largest 
area burnt. 

Certain images and veld types, ouch as the Benkenveld 
grassland (veld typo 61) have a very high number of burns, 
v/hich in the case of scene 182-78 is associEtod with the 
peripheries of the sprawling Pretoria-Witwatersrand urbrn 
complex. 

Establishment of the high burning intensity in the 
■'■r&nsvoal Bushveld and Lowveld savanna type vegetation will 
be a significant fosbure because of the recent trend in 
range management concepts to eliminate burning as a range 
procedure. Hob only will it indicate the current extent a-nd 
degree of burning, but also the specific areas where burning 
appears bo bo a current practice. 


5 . Tub 11 ct. tiortfl 

Briof roport on projocb v;itb nocbion of fjhowinf^ 

firoa in vcabern j'rfnnvpf l for 1975/76 Annual Hoporl of 
DPparbmrni of Af^riculburf. 1 Ttchnicnl Dorvicoa (in proan) . 

6. Prnbloina 

Xho chief problf m found in carryin;^ out the work nccordinf' 
bo achoduln v.oa duo bo intrumcmt dolivory. In doal^piin/; bhc 
projocb 8 Zoom Transfer Scope was called for. In enbicipeblon 
of iba USD bho inobruinonb wan ordered bhrough bhe local 
agency during Juno 1974» The inobrumenb v/aa finally dolivored 
from Bauach fi: Lomb bo be received here in Ocbober 1Q75» afbor 
bhe fixsb aebs of imagery were received. The continurl delaying 
of delivery was supponedly due bo lack of a U.S. exporb permib, 
despibe repoabed debails and esrurances given bo bhc firm of 
bhe specific use of bho insbrumenb for bhe Lands? b project. 
Consequent upon bhe delay, no pc?rsonnel braining, prepnrabory 
end other correlative work associated with use of the instrument 
could be carried as was originally planned for bhe six month 
period before imagery would be received. All this preparatory 
work has had to be done during bhe operational phase of bhe 
project, and since much of it is testing is, in terms of 
project results, unproductive. 

Another contributing factor has been that as supervisor 
and investigator I have this year had. bo makeb^o unscheduled 
absences from office totalling nearly two and one half months. 

7 • Data quality and deliver y 

Image nuality has genera.lly been found bo be very good 
and superior to that of ERTS~1. 

The chief problems essociatod with the imagery are 
related to delivery time and to coverage. June and July 
imagery were thus received at the end of September, the end 
of the dry season and burning and when in many parts rapid 
vegetation growth is occurring. Although the delivery time 
lag has been off-set by the intrument-braining-proparatory 
work delay in the project as a whole, the original concept 
that early delivery would permit necessary ground checking 
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and vould cnnblc fire mapn bo be? provided rrnooijablc? ooon f^fber 
bho fire evt-nbn to tho i;y'riculburrl oxbonoion norvicen, hro 
proved imposniblo due; bo dc;livory time. 

Coverrgo roceivod bo date v.'hilc excollent for certain 
scenefj is chronoloirically f ml spatially boo irregular for 
nderur be? comprehensivo monitoring bo bo carried out. Because 
of the large area covered by imeges there is considerable 
variation in fire pattern so that inbcrpolt bion and cxtrepole tion 
is not connidcrc?d reliable { t this stage without an edeouato 
data base. Kobablc gaps in spatiel coverage exist for V.'US 
orbits 180 end 185 nnd for the lower parts 181-85, 18P-B5 
and 185-84. Orbit 185 covering Ka tal is specially importnnt 
because of the known high fire intensity in 1,'abel where I 
have had ground check controls waiting. Orbit 185 in of interest 
because of its geographical p./oition between the drier west Karoo 
and w'ottor eastern grrssland end tho ma,jor agriculturail activity 
in much of the area. Lack of imagery for scenes 181/lB?/lH5-35“84 
has also missed an unusual largo forest fire as well an other 
unique information. 

The chronological and spatial coverage problem means that 
the objective of obtaining a compr(?hensive and complete analysis 
of fire distribution and development will not be achieved with 
the imagery on hand. It is for instance not possible to 
confirm the extent of the high intensity Transvaal fire pattern, 
nor to compare it with the known high intensity pattern for Katnl. 

Although in terras of the Provisions for participation for 
ERTS Follow-on Programme, provision does not appear for coverage 
of the Southwestern Cape Province, there is here a different 
seasonal and image character of the fire pattern. It would 
be desirable to have some imoijery for this area where fire is 
becoming a regional management priority under the winter rainfall 
dry inflammable summer chapperal type fynbos mountain veget!- tion. 
There arc also developing needs because of economic devolopmentB 
for land and land use information. 

® » Recommendations 

(a) If the basic objective of obtciining a complete and comprehc?nnive 
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p^^tiiro of fird occurronco ovor f t Icr.ot tiio oar.torn part of 
Soabh Afric£ , cnmplcbo ocono oovon,p:e io ru coapary v:ibh 
conoisbc;nb % bo day coverat’io, ofipccirlly for bho period 
from .•.arch bo November. 

(b) No imav^cry io ycb available' hero for dotoebin^^ fire 
dcv(lopmont in chc lobe nummer-aubumn pori)d from Nfrch to 
Juno, no thab virtually nothing io knovm of fire occurrence 
at the beginning of the fire noason. 

(c) Jinegory han been recoived from June{one) 197^> to Jrnurry 
1976. To obtfin £m odenuabc picture of fire ocourronce a 
minimum of one yofirs imf.^:ory v/ould be required and, moot 
desirably if points (r) and (b) arc borne in mind, of an 
eighteen month period. 

(d) If real time uso of the monitoring capability of satellite 
imE^gory is to be made use of, a vory rapid d(.' livery time is 
needed, of the order obtained from r local receiving station. 

9, Conclusions 

Considerable; local interest has been found in the Landoat 
fire project end this is also stimulating use in other fields, 
such as hydrology and l£nd use. There is doer cvidGr,co that 
a slow cppre.ciebion of the various use possibilities of satellite 
imagery io engendered by the seen use and availability of 
satollite images. 



?. Dintribution of connecutive 18-day and monthly Lfindsrt 
imp^^es over South Africa. # s consecutive 18 days; 

O = consecutive ? mo’^ths; consecutive "5 months; 

r~l = consecutive 4 raonthc| consecutive 5 months. 
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table 5 i NUMBER_OP BURNS IN yARIOUS_^EA_ CLASSES F0R_VELD^TYPE3 



* Burn Class 1 0-500 ha 


3 = 1000-2000 ha 


2 = 500-1000 ha 


4 = 2000-4000 ha 


5 = over 4000 ha 


















































TABLE 5 ; NyMBER_0P„ByRn3_ILLYARIOyS_^A_CL^QES_FOR_VEL 


Veld 

Type 

Burn 

ClauQ 

IMAGE HO AND DATE 

182 - 
12 JUL 

77 

50 JUL 

182 

12 JUL 

78 

50 JUL 

184 
1 AUG 

- 77 
19 AUG 

6 SEP 

184 
1 AUG 

- 78 
6 SEP 


1 

2 

5 

10 

18 

6 

5 

2 

6 

8 


2 

0 

2 

3 

9 

1 

1 

1 

1 

2 

19 

3 

0 

1 

2 

3 

1 

1 

2 

0 

7 


4 

0 

0 

0 

1 

0 

0 

0 

0 

1 


5 

0 

0 

1 

2 

0 

0 

1 

0 

1 


Total 

2 

8 

16 

33 

8 

7 

6 

7 

19 


1 

1 

5 

1 

1 

1 

1 

0 

0 

1 


2 

1 

2 

0 

0 

0 

0 

0 

0 

0 

20 

5 

0 

1 

0 

0 

0 

0 

1 

0 

0 


4 

0 

0 

0 

0 

0 

0 

0 

0 

0 


5 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Total 

2 

8 

1 

1 

1 

1 

1 

0 

1 


1 

0 

0 

3 

6 







2 

0 

0 

3 

2 






48 

3 
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0 

0 

1 
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0 

0 

0 
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0 
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0 

0 







Total 
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0 

6 
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